ABSTRACT.--The bioenergetics of eight captive Common Barn-Owls (Tyto alba alba) acclimated at 5'C were studied during the restoration of a 30% reduction in body mass following a period of total food deprivation. The eight-day period during which body mass was restored (Refeeding I) was compared with a five-day prefasting period (Feeding), corresponding to steady body mass and a six-day period (Refeeding II) of stabilization at a new steady state.
on the bioenergetics of wild species, as it is essential to establish the relationship between the level of food intake of a species in the field and its energy expenditure. As EAE is always determined under captive conditions, for extrapolation to the field it has been assumed to be constant, whatever the level of food intake.
Furthermore, constant body mass corresponds to an idealistic situation for a wild species, which naturally encounters periods of food scarcity.
For mammals, in which gastrointestinal wastes are easily separated from urine, the calculation of EAE can be made independently of the excreta so that it represents the efficiency of the digestive tract. However, for birds, because urine cannot be separated from feces, the EAE also takes into account a part of the energy loss that is independent of digestion (i.e. energy loss in urine that reflects intensity of metabolic rate). Accordingly, it can be expected that EAE will vary with both the amount of food intake and subsequent change in body mass. EAE then, should increase if existence metabolism remains at the low fasting level during refeeding. The aim of our study was to determine the EAE and the relative importance of existence metabolism in captive Common Barn-Owls during different feeding conditions: steady state in body mass; and refeeding ad libitum after starvation (see Handrich et al. 1993 ). Throughout the investigation, ambient temperature (5øC) was below thermoneutrality (lower critical temperature, LCT = 25øC; after Johnson 1974) to mimic a winter condition. In this paper, during feeding and refeeding after fasting, the following energetic parameters were compared in captive birds: gross energy intake, daily metabolized energy, existence energy requirement, and dry mass or energy assimilation efficiencies.
MATERIALS AND METHODS
Three weeks before the experiment, four males and four females were individually housed in a climatic room at 5øC. Freshly killed mice were provided ad libitum. At the beginning of the experiment, the birds had a steady body mass, but not necessarily at the same level that was previously maintained in the outside aviary in which they were raised (Handrich et al. 1993: A five-day period of steady body mass, food being available ad libitum, was followed by a period of total starvation that was prolonged until a critical but still reversible state was reached (Handrich et al. 1993 ). The birds then were allowed to refeed ad libitum, until the prefasting food intake was restored two weeks later. The experimental birds did not have water available throughout fasting or feeding periods, which is the usual situation for our breeding colony of captive birds.
During prefasting and refeeding periods, food was given at 1500 GMT and remaining food, urine and feces were collected at 0700 the day after. On these two occasions, body mass was determined to the nearest 0.1 g. The last pellet corresponding to the preceding nocturnal meals was usually expelled before the weighing at 1500. If not, the pellet was found at the beginning of the night and its mass subtracted from the body mass at 1500. With this procedure, there was a good day-to-day correspondence between daily change in body mass, amount of food eaten, amount of feces, and excreta collected.
To ensure that food was given ad libitum, enough food was available so that at least one intact mouse was left. Every morning, the uneaten food was divided into three parts: intact mice; mice partially eaten; and viscera, which often were removed from an animal and scorned by the barn-owls. Often, there was partial dessication of the scorned food; therefore, the amount of food eaten was calculated on the basis of dry mass. Partially eaten mice and viscera were dried at 70øC for 48 h in a still-air oven and weighed separately to the nearest 0.01 g. All of the partially eaten mice and viscera collected throughout the experiment were pooled into two samples (using a highspeed grinder; Retch ZM1). The dry mass and energy content were measured for the 10 freshly killed mice, the sample of partially eaten mice, and the viscera sample. The daily food intake in dry mass could then be calculated using the following formula:
where M•M was the fresh mass of the meal, IF• the fresh mass at 1500 of intact mice not eaten, CD• the dry mass content of fresh mice, PD• the dry mass of partially eaten mice, and Vv• the dry mass of viscera. Gross energy intake was calculated using the same procedure.
Pellets were collected daily, dried at 70øC for 48 h, and weighed to the nearest 0.01 g. Two consecutive periods (eight and six days long, respectively) were characterized during refeedlng, based on the changes in body mass (see Results and Fig. 1 ). For each barnowl the pellets were mixed, ground and homogenized into three samples, corresponding to the feeding period and the two periods of refeeding. Energy content of each sample was measured.
Feces and urine were collected daily, with particular precautions to avoid nitrogen evaporation or bacterial fermentation (see methods in Handrich et al. 1993 ). An aliquot was freeze-dried for measurement of dry mass. The eight dried aliquots of each day were pooled for energy measurements. Nitrogen content was measured directly on the liquid samples. [Auk, Vol. 110 The gross energy intake (GEl), corresponding to the amount of ingested energy (in W or kJ/day), was calculated by subtracting the energy content of the food scraps from the energy of the food provided. The daily metabolized energy (DME) was determined following Kendeigh (1949), as the net amount of energy obtained from the food eaten, after subtracting from GEl the gastrointestinal and urinary wastes (pellets, feces and urine).
As pointed out in Wijnandts (1984), existence metabolism is the sum of the basal metabolic rate (BMR), temperature regulation cost, heat increment of feeding (SDA), and cage locomotor activity. It only corresponds to the daily metabolized energy (DME) when body mass is constant. The slope of the relationship between DME and the daily change in body mass (DBMC) gives an estimation of the cost of unit daily change in body mass (Owen 1970). The existence metabolism and its relative proportion in the total DME can then be calculated by subtracting from DME the energy cost of the corresponding daily body mass change. The EAE, as defined in Gessaman (1972) , was calculated as 100.DME/GEI. Using the same calculation with the dry mass data, the corresponding assimilation efficiency could be calculated. (Table 1 ) for each of the three feeding periods. The energy content of dry pellets (15.2 + 0.7 kJ/g) in the Feeding period was slightly higher than the 13.4 kJ/g previously given by Hamilton (1985) for Common Barn-Owls acclimated to the same temperature and eating the same diet as birds in our study.
There were no significant differences in the characteristics of pellets between the two periods of steady-state body mass. The number of pellets expelled per day (1.89 + 0.22 in Feeding) was unchanged during refeeding periods. During Refeeding I, the mean dry mass of pellets was significantly higher than in Feeding, but the energy content of pellets was significantly lower (see Table 1 ).
Characteristics of excreta.--The composition of the droppings (i.e. excreta) of the eight birds was compared during the three feeding periods ( Table 2 Dry matter and energetic balances.--The losses of dry matter in the form of pellets and excreta (in percentage of daily dry matter intake; Table  3) ences between the two steady-body-mass stages were not significant (Table 3) .
Using the energy contents of consumed mice, expelled pellets, and excreta calculated in the different feeding periods, we calculated the individual daily energy factors (GEI, DME and EAE) from the individual daily balances in dry mass (n = 233; 7 owls; 5, 8, and 6 days, respec- (Table 4 ). This energy cost showed no significant difference between sexes, or among feeding periods, despite higher values during Refeeding I. During Refeeding I, although the body mass was still lower than before starvation, the mean existence metabolism was surprisingly higher in both sexes (1.32-fold higher in males and 1.16 in females; Table 4 ). • EM and K values obtained from linear regressions for each sex and each period, using the equation: DME = EM + K.DBMC, where DME and DBMC, respectively, are daily metabolized energy and daily change in body mass. Existence metabolism differed significantly (P < 0.0!) between sexes in the three periods of feeding and among these periods for each sex. The energy cost of daily change in body mass was not significantly different between sexes or between periods of feeding. No decrease of existence metabolism during refeeding.--Using the 10.8 kJ/g calculated mean value of the energetic cost of daily change in body mass, the fraction of the existence metabolism in DME was calculated for the seven owls pooled on each day of the experiment (Fig. 4) .
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Since there was no reduction of existence metabolism during refeeding, the only way to restore the body mass was to increase food consumption. After the third day of refeeding, the existence metabolism had reached the prefasting feeding values, whereas the body mass was still 50 g (14%) below the steady-state value. (Fig. 4) , the increment in DME compared to the prefasting level was partly due to an enlarged existence metabolism. Furthermore, after the steady state in body mass had been restored in the Refeeding II period, the existence metabolism still remained higher than before fasting, even for the males where the body mass did not exceed the prefasting value (see Fig. 1 ).
Finally, these data indicate that existence metabolism increases in proportion with the increase in daily food consumption. Therefore, it is not surprising to find only a slight increase in EAE during refeeding. The only way to enhance EAE in such conditions is through greater digestive efficiency. This seems to be confirmed by the observed decrease of the relative energy loss in the form of pellets during Refeeding I.
Existence metabolism and body mass.--The large variation in body mass for the individual barnowls during Refeeding I enabled us to determine the allometric relationship between existence metabolism and body mass (calculated by correcting DME according to the cost of daily change in body mass; In rats, the low existence metabolism during refeeding seems independent of a reduction in locomotor activity (Boyle et al. 198 I). Inversely, a rapid increase of locomotor activity at the end of fasting or no decrease during fasting (see Handrich et al. 1993 ) would explain a large part of the surprisingly high value of the existence metabolism during Refeeding I in the captive barn-owls.
Extrapolation to the field.--It may seem paradoxical that a wild species such as the Common Barn-Owl, which naturally encounters periods of food scarcity, is unable to conserve its energy better during refeeding, apparently in contrast to laboratory rats and even humans. In the wild, the ability to restore body reserves after a long period of starvation depends upon this physiological response, but also on environmental factors such as prey availability and hunting cost.
Considering the maximum capacity to refeed and restore body mass, it is of interest that Kirkwood (1983) has developed an allometric relation to predict the maximum limit of DME for mammals or birds of a given body mass (1,713 kJ/kgø.72). In our study, this limit was reached during Refeeding I in only two cases. For example, on day 4 of refeeding, a female weighing 305 g ate four mice (120 g of fresh mass, 891 kJ), providing a DME of 693 kJ (equal to 95% Although in our study the food was given ad libitum during the feeding periods, a high daily food intake close to the theoretical maximum limit was only found in two cases. Thus, the mean relative value during Refeeding I was only 63% of the theoretical limit. Therefore, a larger GEI theoretically should still be possible, and then a higher rate of restoration of the initial body mass after starvation. However, it is remarkable that the mean rate of increasing body mass during Refeeding I (13.9 g/day in females versus 9.2 g/day in males) was very close to the mean growth rate of young owls in captivity (13.9 g/day in females versus 12.5 g/day in males during the linear part of their growth, between I0 and 30 days after hatching; unpubl. data) or to the 12.5 g/day value calculated from Guerin Let us assume that, as for DME, there is an upper limit for the rate of biosynthesis of body reserves and, thus, for the rate of restoration of body mass. In this case, Common Barn-Owls are able to reach this upper limit in captivity with-out reaching a maximum food intake rate. Similarly, in the wild, where the hunting cost represents an important part of DME, a rate of 10 to 13 g/day for restoration of the body mass is a possible maximum, whatever the prey availability may be. Considering the influence of hunting on the rate of body-mass restoration, it is unfortunate that quantitative data on the bioenergetics and of the foraging energy expenditure in wild raptors usually are not available for the same species. Using data from Wijnandts (1984) and Masman et al. (1988a, b) , the hunting costs of 1 kJ of captured prey in winter are 0.30 kJ/kJ for the Long-eared Owl and 0.21 kJ/kJ for the Eurasian Kestrel. For the Long-eared Owl, DME was 252 kJ/day, EAE was 72%, and daily hunting expenditure was 104 kJ/day. For the kestrel, DME was 273 kJ/day, EAE was 67%, and the daily hunting energy expenditure was 87.1 kJ! day. The hunting modes of these two species DMEc). Using the mean measured DME• in Refeeding I (438 kJ/day), the value of DME• should be approximately 650 kJ/day. The interest in this extrapolated value is that the corresponding GEI (860 kJ/day) is still below the maximum GEI in the field (910 kJ/day) estimated by pellet analyses.
Finally, providing food is readily available during the phase of restoration of body mass, the maximum rate of increase in body mass measured in captivity is still possible for a wild Common Barn-OwL
